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By J. S .  Boegli   and R .  G. Deissler 

STJMMARY 

A s  a part of a n   i n v e s t i g a t i o n  of the e f f e c t i v e   t h e r m a l   c o n d u c t i v i t i e s  
of  powders, this s tudy  was undertaken t o  determine the e f f e c t i v e  conduc- 

d e n s i t y   o f  the so l id   u ran ium  oxide  at temperatures  between ZOOo and 
1500' F. Helium, argon,   and  ni t rogen gases and  mixtures of helium-argon 
and  xenon-krypton  gases were in t roduced   i n to  the powder void,   and the 
e x p e r i m e n t a l   e f f e c t i v e  thermal conduc t iv i t i e s   o f  the gas-powder m i x t u r e s  
were determined. All tests were performed at a gas  pressure  above the 
breakaway  pressure, where the thermal conduc t iv i ty  is independent  of 
p re s su re .  

I. t iv i ty   o f   u ran ium  oxide  U02 powder w i t h  a densi3y  of  59.5 percent   o f  the 

A method f o r   d e t e r m i n a t i o n  of the re l a t ive   t he rma l   conduc t iv i ty   o f  
the s o l i d  was devised From knowledge of the e f f e c t i v e   c o n d u c t i v i t y  of 
the powder  and the conduc t iv i ty  of the gases   used   in  the two-phase sys- 
tem. This method was applied t o  the uranium  oxide  used  in this i n v e s t i -  
@;ation t o   d e t e r m i n e  i t s  re l a t ive   t he rma l   conduc t iv i ty   t h rough  the ZOO0 
t o  150O0 F temperature   range.  

INTRODUCTION 

P rev ious   i nves t iga t ions  of the thermal conduc t iv i t i e s   o f  magnesium 
ox ide   and   s t a in l e s s  steel powders i n  va r ious  monatomic gases  have r e s u l t e d  
i n  a p o s s i b l e  method of p r e d i c t i n g  the e f f ec t ive   t he rma l   conduc t iv i ty   o f  
a gas-powder mixture  from the p r o p e r t i e s  of the so l id   and  the gas (ref. 
1). I n   r e f e r e n c e  2 ,  the e f f e c t i v e  t h e m 1  conduct ivi ty   of   uranium  oxide 
w i t h  a v o i d   f r a c t i o n   o f  0.37 was determined  for  helium and  argon  gases 
through  the   t empera ture  range 200' t o  1250' F. This i n v e s t i g a t i o n  was 
proposed t o   o b t a i n   e f f e c t i v e  thermal c o n d u c t i v i t i e s  for uranium  oxide 
with a vo id   f r ac t ion   o f  0.405 f o r  xenon-krypton  and  helium-argon  gas 

r ange  was expanaed t o  200' t o  150O0 F. 
D mixtures  as w e l l  as helium,  argon,  and  nitrogen..   gases.  The temperature  
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The t es t  s e c t i o n  was constructed by the NACA Lewis  l a b o r a t o r y  and 
f i l l e d  d t h  the uranium  oxide powder hy the General Electr ic  Company. 

. . .  . ." 

EXPERIMENTKG INVESTIGATIOH 

Apparatus 

The appmcatus used in this i n v e s t i g a t i o n  i s  e s s e n t i a l l y  the same as . -8 
that described i n   r e f e r e n c e  1 (f ig .  1). M i n o r - G t e r a t i g s ,  which a r e .  10 
described. . in  the f d I a r i n g   p a r a g r a p h s ,  were incorpora ted   in to  the d e s l p  
of the test s e c t i o n . s n d  the enclosing  gas  chamber. 

- -m 
- 

Test s e c t i o n .  - The tes t  sec t ion   cons i s t ed  of two conc.entric tubes 
separated by the uranium  oxide powder. The inne r  ceramic tube was heated 
e l e c t r i c a l l y   b y  a c a b o n  rad, and the outer   none1  metal   tube waa cooled 
by convection. 

. "  

. .  . . " . - - . .  . 
. .. 

The i n n e r  ceramic tube,  with t h e  wound end heaters and. the platinum - s " 

platinum rhodium (10 percent)   thermocouples   s t re tched  through the powder, 
was held i n   p o s i t i o n  by poured  ceramic _end .plugs  instead af: machined d i s k s  i- ' -= 
as descr ibed I n  reference 1. The 1/4-inch-diameter filling tube agd t-he -_ "-1 
end heater leads were brought  out  through' these end'plugs.  

" - 
. .. 

.1 

The thermocouple wires were coated nith m i n s u l a t i n g  cement to 
e l e c t r i c a l l y   i n s u l a t e  the thermocouples from the  uranium  oxide powder . . .  
Because the added cement  c.oatin@  displaced a consfderable   por t ion  of the  
Usable powder volume, four  groups of fou r ,  instead o f   f i v e ,   r a d i a l l y  
pos i t ioned   junc t ions . .were   loca ted  i n  approximately  equal  increments 
a c r o s s  the c e n t r a l   p l a n e .  The end heaters and the ceramic tube  thermo- 
couple l e a d s  were a lso  cement-coated t o  elFminate the p o s s t b i l i t y   o f  
sho r t - c i r cu i t i ng   t h rough  the powder. . .. .. - . ." 

.. . - 

" .  . 

- 

- . " 

The  main heat ing  e lement ,  a 1/4-inch-diameter  carbon rod, was i n -  
se r ted   th rough the hollow ceramic  tube case of the tes t  s e c t i o n .  Copper 
t e rmina l   b locks   l oca t ed  a t  each  end  outside the test  sec t ion   insured  
p r o p e r   e l e c t r i c a l   c o n t a c t .   P l a t i n u m  end hea te re  were employed in  con- 
junc t ion  wi th  the carbon  rod   to   p revent  heat losses at  the ends. . .. 

-" ." 
" .- 

. .  
" " 

Gas chamber. - Thermocouple  and e l e c t r i c  power  lead^ f'rom the ends 
...... 

of test section  were  brought  through the gas  chamber wall by means of 
f i t t i n g s   t h a t  employed the c rush ing   ac t ion  o f  soapstone  cones  around the 
wire leads t o  effect a h igh   preasure  sed.. The f lange  ends were sealed 
by a rubber   O-r ing  recessed  into a channel on the water- jacketed gas 
chaniber . 

. ." 
. .  

. .  
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- Procedure 
F 

The tes t  s e c t i o n  was f i l l e d   t h r o u g h   t h e  f i l l e r  t u b e   w i t h  uranium 
oxide powder  and v i b r a t e d   i n t e r m i t t e n t l y   w i t h   a d d i t i o n s   o f  powder for  

approximately 1~ hours .  This procedure was r e p e a t e d   u n t i l  the s e c t i o n  

was comple t e ly   f i l l ed   and   packed   t o  the maximum d e n s i t y .  The d e n s i t y  
of the powder was c a l c u l a t e d  as 59.5  percent  of the d e n s i t y   o f   t h e  
s o l i d  uranium  oxide  (densi ty   of   sol id  UO2 assumed t o  be 10.7 g/cc), 
g iv ing  a void volume i n  the test  sec t ion   of   40 .5   percent .  The p a r t i c l e  
s i z e s   o f  the powder -&e g i v e n   i n  table I. 

1 

H n 
D 
H 

The p o s i t i o n s  of the thermocouple   junct ions  dis t r - ibuted  through 
the powder w e r e  measured from X-ray photo-aphs  of the test s e c t i o n  

u after it was f i l l ed .  D a t a  were obtained  for   hel ium,  argon,  and n i t rogen  : gases  and mixtures  of helium-argon  and  xenon-krypton gases over a range n Of average powder tempera tures   and   pressures   g iven   in   the  
7" table : 
3 
2 

Gasa Temperature P res su re ,  
l b / s q  i n .  abs OF 

H e l i u m  

235 to 1400 18.78 t o  74.3 Xe/Kr, 4.898 
339 t o  ll61 49.3 t o  83.3 Nitrogen 
1 9 5   t o   1 4 5 0  44.3 t o  94.4 Argon 
226 t o  1124 59 .3   to   136 .9  

He/A, 0.953 39.4 t o  96.3 169 t o  875 
He/A, 0.333 46.3 t o  84.3 215 t o  1062 

%/A, 1.857 225 t o  1014  47.3 t o  84.3 

mixtures given as volumetr ic  ratio. 

fo l lowing  

The method o f   ob ta in ing   t he   da t a  i s  p resen ted   i n   r e f e rence  1. Only 
the por t ion   o f  the power i n p u t   t o  the carbon  rod  between  the  end heaters 
was used   i n  thermal conduc t iv i ty   ca l cu la t ions   o f  the powder.  Continually 
higher   temperature   runs  were made after cross-checking the lower temper- 
a t u r e s   , u n t i l  the thermocouples   fa i led.  

- 

1 

Reduction  of  Experimental Data 

The der iva t ion   o f   equa t ions   u sed   i n   ca l cu la t ing   va lues  of thermal 
conduc t iv i ty   o f  the powder from the exper imenta l   da ta  may be   found  in  
r e f e r e n c e  1, toge the r  with a c o r r e c t i o n  method f o r  the e c c e n t r i c i t y   o f  

this i n v e s t i g a t i o n  are g i v e n , i n  figure 2 us ing   da t a   f rom  r e fe rences  3 t o  
5. Calcu la t ions   o f  the conduc t iv i ty  of the gas   mixtures  were based on 

mixture  of gases .  For the xenon-krypton mixture,  th i s  equation r e d u c e s   t o  

c the tube.   Thermal   conduct ivi t ies   of  the gases and gas mixtures  used in 

a the Enskog equat ion (ref. 4) f o r  the thermal conduct iv i ty   o f  a b i n a r y  



4 NACA RM E 5 a O  

kxe/Kr (4.898) = 0.0978 % + 0 A42 + 0.1265 (hs )I" (1) 
e 

Three mixtures of helium and  argon gases were s tudied  w i t h  helium- 
a r g o n   r a t i o s  af 1.857,  0.953,  and 0.333. The  conduct iv i t ies  of these 
gas mixtures were  calculated i n  the same manner as the xenon-krypton 
mixture and were p l o t t e d  i n  figure 2(a)  . EqUatitm6 f o r  the thermal con- 

. .  

RESULTS AND DISCUSSION 

Ekpe-rimental E f fec t ive   Conduc t iv i t i e s  

... . .. 

c 

The  experimental   values  of the effective thermal   conduct iv i ty  of 
uranium oxide powdq.:between 200' and 1500o-.F..in .an_ atmosphere  of  vari-  
ous gases and gas mixtures  are p resen ted   i n  figure 3. The v o i d   f r a c t i o n  
occupied by the gas was 0.405 i n  a l l  runs. Inasmuch a8 the e f f e c t i v e  
thermal   conduct ivi ty  of the gas-powder pixtur-e..wies solgewhat a t  lower 
gas pressures ,  depending on the temperature, ..the characteristics of the 
gas, and the relative dtmensions  of the gas space (as wa8 shown t o  be 
t r u e  in ref. I), a l L d a t e  presented were o b t a h e d  at p r e s s u r e   l e v e l s   h i g h  
enough f o r  c o n d u c t i v l t y   t o  be independent of pressure.   Determinat ion of 
the  magnitude of these p r e s s u r e   l e v e l s  is subsequent ly   discussed.  

- " 
. .. - "  
"" 

" 

.. 

.. . - 

Thermal conduc t iv i t i e s  of: uranium  oxide powder i n  argon,   ni t rogen 
and helium are p l o t t e d  i n  f l g u r e  3. The.  thermal co.nductivity  of the 
powder i n  argon and  he l ium  increases   to  a maximum with temperature  in 
much t h e  same manner as that of the uranium  oxide powder with a vo id  
f r a c t i o n  of 0.37 p resen ted   i n   r e f e rence  2. The e f f e c t i v e   c o n d u c t i v i t y  
of the powder Fn ni t rogen  exhibits a s l igh t  decrease t o  a minimum va lue  
with an increase in   t empera ture .  Only s ix  data p o i n t s  were determined-  
using this gas, i n  view of the p o s s i b l i i t y  of reduct ion  of the powder 
a t  elevated  temperatures .  

I n  f i g u r e   3 ( b ) ,   t h e   v a r i a t i o n  of the e f f e c t i v e  thermal conduct iv i ty  
- 

of uranium oxide powder wi th  a xenon-krypton gas mixture  ( ra t io   4 .898: l )  .. 
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e 

i n  a temperature   range from 200' t o  1500° F has been   p lo t t ed  from the 
data. A r e f e r e n c e   p l o t ,  that of figure 2 ( b ) ,  has b e e n   i n s e r t e d   t o  

m i x t u r e  t o  the conduc t iv i t i e s   o f  the two gases. 
Y f a c i l i t a t e  comparison  of the conduc t iv i t i e s   o f  the xenon-krypton gas 

Three m i x t u r e s  of he l ium and  argon gases were s t u d i e d  with helium- 
argon r a t i o s  of  1.857,  0.953,  and 0.333 (fig.  3(a)). The e f f e c t i v e  con- 
d u c t i v i t i e s  of the powder with the helium-argon gas mixtures  follow the 
c h a r a c t e r i s t i c   e f f e c t i v e   c o n d u c t i v i t i e s   f o r  the powder with the component 
gases .  Above 500°-_F, the e f f e c t i v e  thermal conduct iv i ty   o f  the powder 
with helium and argon gases and gas mixtures  a p p e a r s   t o  be independent 
o f   t eqpe ra tu re .   E f fec t ive  thermal conduc t iv i ty   fo r   t empera tu res  greater 
than  500° F is p lo t ted   aga ins t   a rgon-he l ium  mixture   composi t ion   in  f ig -  
ure   4 .  A l i n e a r   r e l a t i o n   a p p e a r s  t o  exist between the exper imenta l   e f fec  
t i v e   t h e r m a l   c o n d u c t i v i t i e s  and helium-argon  gas  mixture  composition. 

. "" 

I n  t h i s   i n v e s t i g a t i o n ,  the temperatures  of the uranium  oxide powder 
r reached  values  ZOOo F higher   than  the tempera tures   ob ta ined   for  the same 

powder with a void  . . . . . -. . f r a c t i o n  " of   0 .37   i nves t iga t ed   i n   r e f e rence  2. 

b 

Effect of Pressure on Conduct iv i ty  

The e f f e c t  of gas p r e s s u r e  on the e f f e c t i v e  thermal conduc t iv i ty   o f  
a gas-powder mixture was shown i n   r e f e r e n c e  1, by us ing  the k i n e t i c  
theory of g a s e s ,   t o  be a funct ion   of  the Knudsen  number ( t h e   r a t i o  of 
the mean free path of the gas   molecules   to  a c h m a c t e r i s t i c   d i m e n s i o n  
of the gas  spaces).   Because the s i z e   o f  the gas spaces is of the same 
order  of  magnitude as the s i z e  of the p a r t i c l e s ,  the characteristic 
dimension is taken as the weighted mean sieve s i z e   o f  the particles, and 
is  ca lcu la ted   f rom the data i n  table I, r e s u l t i n g   i n  0.0002717 f o o t   f o r  
the uranium oxide powder. The p r e d i c t e d   p r e s s u r e  (breakaway p r e s s u r e )  
below which the e f f e c t i v e  thermal c o n d u c t i v i t y   b e g i n s   t o  vary appreciably 
is given by the fo l lowing   equat ion   f rom  re ference  1: 

where 

pa breakaway pres su re ,  lb/sq f t  abs 

t gas t a p r a t u r e ,  42 

s molecular  diameter  determined from ViscOsi tyJ  ft 

Zg weighted mean s i e v e   s i z e   r e q u i r e d   t o   r e t a i n   p a r t i c l e s ,  f t  
c 
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The c o n s t a n t   i n  t h i s  equation was obtained Orom experimental data - 
- 

i n   r e f e r e n c e  1. The molecular  diameter s in feet is 7.22X10'10 f o r  I -  

helium  (ref. S), 9 . 4 5 ~ 1 0 - ~ ~  f o r  argon, 10.33~10-~~ for ni t rogen,  . .  . " 

1 2  .llxlO-lo f o r  krypton,  and 13.19~10-~ for xenon (ref. 7). The - 

molecular diameters f o r   t h e   m i x t u r e s  were ca l cu la t ed ,  based on t h e  
mole   f rac t ion  n th rough   t he   add i t ion  of nl sl and %sz as shown 

.. - 
- -. - 

i n  t he   fo l lowing  table:  
- 

~2 n n n s  1 2 1 1  n s  2 2  

Kr 

.4885 A 
3.308  4.693 .350 .65Q- A 
2.053~~0'~~ 10.954~lO'~~ 0 S695 0.8305 

7.088  1.805 .750 .250 A 
4.834 3.527 .5=5 

co 
M 
LD * -  

6 m i x t u r e  I 
l3.007 XIO'lo 
8.001 
8.361 
8.893 
I 

From equat ion (5) and t h e   c o n s t a n t s   g i v e n   i n  the preceding table, t h e  
breakaway  pressure was c a l c u l a t e d   f o r   e a c h  gas and gas lpixture  through 
the  temperature   range 200' to 1500° F. The p res su re  of t h e   g a s   i n   t h e  
test  s e c t i o n  was maintained  above this c a l c u l a t e d   v a l u e   f o r  a l l  runs i n  
t h i s   i n v e s t i g a t i o n .  

Calculat ion of R e l a t i v e  Thermal Conduct ivi ty  of S o l i d  Uranium Oxide 

The e f f ec t ive   t he rma l   conduc t iv i ty  of a gas-powder mixture has been 
shown i n   r e f e r e n c e  1 t o  depend p r i n c i p a l l y  on the thermal conduc t iv i ty  of  
t he   gas ,   t he   t he rma l   conduc t iv i ty   o f  the solid, and t h e   v o i d  fraction of 
t h e  powder. Therefore,  i f  a powder i s  packed t o  a fixed d e n s i t y  o r  void 
f r a c t i o n ,  the r e s u l t i n g  effective thermal conduc t iv i ty  keff is a f i n c -  
t i o n   o f   t h e  thermal c o n d u c t i v i t i e s  of the gas kg and t h e   s o l i d  kUOZ, 

or ,  for this i n v e s t i g a t i o n ,  

Figure 5(a) is a p l o t   o f  keff/kg a g a i n s t   t h e   c o n d u c t i v i t y   o f   t h e  gas 
f o r  the uranium  oxide powder used i n  t h i s  Inves t iga t ion   t h rough  a tem- 
perature range of 200' t o  W O O o  F. Values for this plot were obtained 
€rom the fa i r ed   cu rves   o f   f i gu res  2 and 3. 

-! . .  

4 

" 
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c 

From equat ion ( 6 ) ,  f o r  a cons tan t   va lue   o f  keif/kg, kuo2 is  pro- 

b p o r t i o n a l   t o  kg. To o b t a i n   t h e   r e l a t i v e  effect of temperature  on the 
therm1 conduc t iv i ty  of the s o l i d  from this p ropor t iona l i t y ,   an  arbitrary 
reference  temperature   must  be assumed.  Considering 60O0 F a r e f e r e n c e  
temperature ,  it fo l lows  that, for equal  values  of  keff/kg, 

w .  
(n w 
0) 

From f igu re   5 (a ) ,   va lues   o f  kg a t  temperatures  from 200' t o  1500' F 
were obtained for constant  values  of  keff/kg.  Using a r e f e r e n c e  t e m -  
pera ture   o f  600' F, d u e s  of kg from figure 5(a) , and  equation (7) , 
t h e   r e l a t i o n   o f  kuo2/kuo ,600 t o   t e m p e r a t u r e  T was p l o t t e d   ( f i g .   5 ( b ) )  

for   four   values   of   keff /kg.  One curve can be drawn which  represents  
a l l  fixed values  of keff/kg. Th i s  was t o  be expected, s i n c e  the con- 
d u c t i v i t y   o f  the so l id   shou ld  be a func t ion   on ly  of the temperature .  

of s o l i d  uranium  oxide  decreases with increas ing   tempera ture .   This  
v a r i a t i o n  is .in agreement w i t h  p rev ious   observa t ions  i n  r e f e r e n c e  2.  

2 

r 

. The nega t ive   s lope  of this curve   sugges ts  that the thermal conduc t iv i ty  

S ince  figures 2, 3, and 5(b) g ive  the conduc t iv i ty  of the gases ,  
t h e  effect conduct iv i ty   o f  the powder,  and the r e l a t i v e   c o n d u c t i v i t y  
of the s o l i d ,  a p lo t   o f   kef f /kg   aga ins t  kuo2/kg as suggested by 

their r e l a t i o n   i n   e q u a t i o n  (6) might be p o s s i b l e  i f  the thermal  con- 
d u c t i v i t y   o f  the sol id   uranium  oxide  of  this e x p e r b e n t  a t  some ref- 
erence   t empera ture  w&s known. I n  the absence  of this informat ion ,  
keff/kg (from experimental  data, f i g .  3, and kg from f ig .  2) was 
p l o t t e d   a g a i n s t  kuo2/kg(kuoz, 600) fo r   co r re spond ing   t empera tu res   i n  

f i g u r e   6 ( a ) .  The abscissa may be a l t e r ed  t o   a n y   d e s i r e d   r e f e r e n c e  t e m -  
p e r a t u r e  by d i v i d i n g  by the r a t i o  kuo T /kuoz  ,600  from  figure 5 (b)  
f o r  that temperature  Tr . 2 7  r 

It was no ted   i n   r e f e rence  2 that f o r  two t e s t  cond i t ions   u s ing   an  
i d e n t i c a l  material and gas a t  i d e n t i c a l  temperatures b u t  d i f f e r e n t   v o i d  
f r a c t i o n s ,  the e f f e c t i v e  thermal c o n d u c t i v i t i e s  of the gas-power  mixtures 
t e n d   t o  have lower v a l u e s   f o r  greater v o i d   f r a c t i o n .  mom the data of 
r e fe rence  2 on the ef fec t ive   conduct iv i ty   o f   u ran ium oxide (vo id   f r ac t ion  
0.37) f igu re   6 (b ) ,   wh ich   co r re sponds   t o   f i gu re   6 (a ) ,  was developed from 
the knowledge of the r e l a t ive   t he rma l   conduc t iv i ty   o f   so l id   u ran ium  ox ide .  
Though the data f o r   b o t h  of these p l o t s   d e v i a t e  slightly from any s i n a e  
c u r v e   r e l a t i o n ,  it may be seen that the e f f e c t i v e   c o n d u c t i v i t y   f o r  the 
Uranium oxide powder t ends   t o   have  lower v a l u e s   f o r  the greater void 
f r a c t i o n .  

- 

.) 
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The procedure uied here f o r   d e t e r m i n a t i m  of the r e l a t i v e  conduc--- 
t i v i t y  of a s o l i d  material is applicable f o r  the determination of the 
thermal conduct iv i ty  of a n y   s o l i d  mterial if its conduct iv i ty  a t  any 
one temperature has been established and knowledge of the e f f e c t i v e  can- 
d u c t i v i t y  of t h e  powder i n  several gases or gas mixtures. is -known for 
the   des i red   t empera ture  range. Though the pr-Gcedure followed here will- 
apply t o  any system, it should be remembered that f i g u r e  5 is unique to 
t h i s   i n v e s t i g a t i o n .  . . .  ._ . . .  

. "  
" 

. .  
. " 

t -- 

. "  

SUMMARY OF RESULTS 

*om t h e   i n v e s t i g a t i o n  of t h e  effective thermal. conduct iv i ty  of 
uranium  oxide powder i n  helium, =@;on, and ni t rogen  gases, m d  mixtures  
of  helium  and argon, and  xenon m d  krypton, the f o l l o w i n g   r e s u l t s  were 
obtained : . . .. 

. .  . . 
.~ 

.. .. . . 

1. For  temperatures  above 500 F, the e f f e c t i v e  thermal conduct iv i ty  0 " -. 
of the uranium  oxide powder i n  va r ious  gases was s u b s t a n t i d l y   i n d e p e n d -  
e n t   o f  temperature. 

" 
"" - 

. -  . - "  

" 
2 .  An i n c r e a s e   i n   t h e  therm1 conduct iv i ty  of the gas or t h e  gas 

mixture  increased the e f f ec t ive   conduc t iv i ty  af t h e  gas-powder m i x t u r e .  . .  

3. A l l  t h e   d a t a  on effective conduct iv i ty  of the uranium  oxide 
powder i n  the various gases c o u l d   b e   c o r r e l a t e d   i n t o  a single curve by 
means of t h e  r e l a t i o n  that the r a t i o  of the effective c o n d u c t i v i t y   t o  
the gas conduct iv i ty  is a funct ion of the rctio of the- c e d u c t i v i t y  of - . -" 

so l id   u ran ium  ox ide   t o  the gas conduct iv i ty  f o r  a given  percentage of 
void space i n  the compact. 

.. - -.- 

." 

" 

,. ." 

Lewis Flight Propuls ion  Laboratary 
. . . .- . . - 

National  Advisory Committee f o r  Aeronautics 
Cleveland,  Ohio, December 10, 1954 

I .- - 
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Tyler s i e v e  
number 

I Through 325 

&See ref.  1. 

TABU I. - PARTICiX SIZE QF POWIlER 

I 

Sieve  opening, Average amount 
"12 s, of powder r e t a i n e d  

i n .  on s i e v e  

pe rcen t  
a l Q O  f ,  

Line number ,a 
n 

p . ~ ~ p ~ p [  5r.O 1 ' 
Aesumed .000748 41.0 

0.0059 

I .. 
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Figure 1. - Schematic drawing of t e s t  eection ana gas chamber used i n  determination of thermal COnduCtiVities of 
powders In various gases and gas mixtures. 



. . . . . . . , , . . . . . . . . .. . . . .. . . . . . . . - . . . . . . . . . 
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(b) h g p n  frrm reference 3, nitrogen from reference 4, xemn and krypton from reference 5, and xenon-krypton mlxture from 
quation (1) and reference 4. 

figwe 2 .  - Wncluded. Reference plot for the thermal aonductivitles  of gases. 
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(a) Helium, argon, and helium-argon mixtures. 

L 

. .  

Figure 3. - Experimenta thermal conductivities of ummm oxide pwae? in various gaeee. 
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(a) Nitrogen, argon, and xenon-krypton mixtures. 

Figore 3. - Concluded. Experimental thermal conductivities of uranium oxide powder in vmlow 
gases. 
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... - .. Figure 4. - Effect of gas  mixture composition on experimental effective 
thermal conductivity using data at temperatures,  above 5000 F uhere the 
effective  conductivities  appear  independent of temperature. 



. 

I .03 .10 .15 



18 NACA RM E54L10 



100 

80 

60 

40 

30 

2 20 

10 

8 

6 

4 

I I- * 8 

4 6 8  

(a) From experiment data on various  gases and gas d x t u r e s   f o r  void  fraction of 0.405. 

Figure 6. - Relation of conductivity of the gas, experimental. effective  conductivity, 
and relative  thermal  conductivity of the  solid fo r  uranium oxide. 
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I (b) From experimental data f o r  a void  f ract ion of 0.37 ( r e f .  2 ) .  
I 

F'igure 6. - Concluded.  Relation  of  conductivity  of  the gas, experimental 
effect ive  conduct ivi ty ,  and relative  thermal  conductivity o f  the so l id  
fox uranium oxide. 


